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METHOD OF TKAJSSMt T VV&G HLOF TONES IN A MIl/il-SEC i'OR Cii PL 
LJLJ PIEO'l POXES, FOE GENERATING i QUALITY 

INDICATORS 

5 

RELATED APPLICATIONS : 

epre p| - - c > 1 ; 1 o - i application S.N. 

60,449,729 filed February 24, 2003. 

10 

FIELD OF THE IN VENTION; 

The present invention is directed to wireless communications systems and, more: 
particularly, to methods and apparatus for transmitting pilot signal: in a muM-sectos cell, e.g , a 
15 v. \ < msmissions. 

BACKGROUND OF THE INVENTION: 

In a wireless communications system,: e-g. a cellular system, the channel conditions are 
20 an :ipo <t t n. ~ oi i K ' <. >^ -ii Widen a wireless 

communk f 1 i 

(WTs), e.g., mobile nodes. As a wireless terminal moves to different locations within the base 
station's cell, the condition of the wireless communication channel between the base station and 
the Wireless terminal may change, e.g.. due to varying levels of noise and interference. The 
25 noise and interference experienced by the w ireless terminal's lecenx-r may include background 
r » ^ i i t ii ^ i -> bed as 

ink -ill-'' 1 c U I e iJ 

inter-secto! ferret c are « pendtnt on the base station's transmission power level, e.g. the 
transmission power in one or more sectors. 

30 

One method typically used to evaluate the condition of the communication channel is for 
- ^ , n - - > . r ^ - \ - . ' 

h ..tion . -von resource and are generally comprised of known (pre-detenrdned) 

symbols transmitted at a single constant power level The wireless terminal measures the pilot 
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signals and reports to the BS in the form of a scalar ratio such as signal-to-noise ratio (SNR) or 
an equivalen netric. In the where n< ueri enc< s not depo itonth srn e< 

I ! ! U t I ! V b i ^ 1 - ! 

l. v tik v. a s . i _ v -vt .a -t * ^ " ' ~\odu 

5 e L at the wit 11 ehang g! isroit powe Ore i 

t ! s s ^ t.c'Mv.Vv, ar 

acceptable eived SNR at the ^ 5 termin I t < error-correct g coding 
scheme and m<\LUun a-.:u. H----\evei. in the case when- nm nu-d nvi^- We: ici once includes a 
c; if component thi s depem i - 1 c o.s 

10 c a , > _ , i f n ^ rs 'kajT.V i I'Vdlu.ll ^u. « i 

tn _, " f i l i i \ 1 _ * ' i < a t 

i ! e.g., SNR at a sing] smission powe level, by this commonly used 

; chnique, is nsufficiem and inadequate for the BS to accurately predict the received SNR at the 
WT as a function of the signal transmit power. Additional channel quality information needs to 

15 he generated, collected by the wireless terminal, and relayed to the base station, so mat the base 
station can solve for the wireless terminals' function relating received SNR to base station signal 
transmission £ ' ng i f " 1 for a ^ ss temw eommunicatioi 

channel the base station's scheduler, knowing the acceptable level of received SNR for a 
particular coding rate, eiTor-cotiecting code, and modulation used, could efficiently assign a 

20 wireless terminal segments in a channel with an appropriate power level, thus achieving 
acceptable SNR lim ting wasted transmission power, and/or reducing overall levels of 
interference. 

Based upon the above discussion, it is clear that there is a need, particularly in the case of 
25 > > , i is" 1 appai ins and nethods of 

channel quahft measuring, evaluating and rt-pnong thai Wl p.oxtce she n«iac sMiion » th 
sufficient information to obtain the wireless terminal received signal SNR as a function of base 
s on n vc I Won, i pport improved and/o t i e g 1 
measurements, new pilot signal patterns, sequences and/or pilot Signal transmission power levels 
30 which can facilitate the analysis of self noise and interference form other sectors of a cell are 
desirable. 
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SUMMARY Of THE INVENTION; 



1 to ev<r<. p i A s \ 

f> iv , cm -> ^ ^ s „ c bed 

5 ! > _ O t 1 f 1 j 1 ^rf i s > si 

of interference from other sectors of a cell using the same tones, e.g., in a synchronized manner, 
i i ie sec oi in wi le pilot signal meas en ; be 

fn cases w iffe t i mat on; t- j K ime tun using appro xi match 

10 the same power. Signals from other sectors while being interference can be viewed as being 
sn ir or the same as self noise s smis ion power af ts the amount of ' vt 

he encountered in a sector. 



To measure noise contributions from neighboring sectors a sector NULL pilot, e.g., a 
.1 5 pilot with zero power, is transmitted in an adjacent sector at the s inset me a pilo s ' 

pre selected an< r % k » 'c*o power is transmitted in the sector where the 

received pilot signal measurement is made. To facilitate background noise .measurements, a cell 
NULL is supported in some embodiments. In the case of a cell NULL, all sectors of a cell 
transmit a Null pilot, on a tone that is used: to measure background noise. Since no power is 
20 transmitted in the cell on the rone during the measurement, any measured signal on the tone is 
attributable to noise, e.g., background noise which may include inter-cell interference. 



■> < , .or c v. e nm - i i — 

? e u v ~s \ \ \\ T), and a BS * 

25 feedb \ i < on n the WT, to predict downlink receive SNR for the WT as a function 
i it power in the presen of sig pendent noise Feedback from 

individual WTs, in accordance with the Invention, normally includes at least two channel quality 
indicator values per WT, as opposed to a single SNR value, where each of the two channel 
quality indicator values is generated using a different function. One of the two channel quality 

30 indicator value generator function* has a first pilot signal measurement corresponding to a 

received pilot signal having a first known transmission power as an input. A second one of the 
two channe quality ridscno, \ \ tie gener; tor fut ctio - has as an is pi t a s« coed pilot sig la 
measurement corresponding to another received pilot signal having a second known 



transmission power which is different from the first known transmission pox-ser Each of the 
first and seconc nnel qt ah > tndicatot ' alue gene, ittn luivoo i\ o j» h n n be implemented 
as ftware modi c\ 5 s, .rat 

mentioned. 

5 

t- f ill!' ! V , ^ vhaif\ 1 t\ xJie<- 

per Wl « coons, < >ase station (BS) to ransmkto 

1 t cm vVT<= a J «t e.g.. ntmmium. Signal | >v v. vv ^ vi the respects M\ks 

10 the prop c I locates > differ WTs ma> >e « a nay vary over time \t t W! 
i ece vei t s I 

modeled by a straight line, referred to as the 'noise characteristic line' in this invention. Since 
the. noise characteristic line does not in general go throug! i orig - ^ ^ alar parameter is 
not enough to characterize this line. At least two parameters are required to determine this line. 

15 

The base station transmits pilot signals on the downlink. In accordance with the 
invention, by trai j n ittii pi lot - gnals of different strength levels, the noise characteristic line 
ftrtheur ^ < ■ < ^ fed at a first 

power level to obtain a first point, and a second pilot signal at a second power level, different 
20 from the first power level, is transmitted to obtain a second data point. The second power level 
can be zero in some embodiments. The above pilot signal scheme can be used in a cell using an 
omni-antenna, that is, a cell with only one sector. 

Thcr tmemnc- v. . i i : S\"R as 'i frmctton o; Signal r \ e praxcr j a 
25 x ■, ^ > v. n hi one method - v f 1 

ne' ra> ne ! . c N i K erl 0 ^ 1 i n.c »ai c ( c •> i >0 
to transmit n each c the sec s 1* otal powe t < h sector picall) ixed 

or known, but different WTs max receive signal with different power. Since the isolation 
between the sectors is not perfect, signals transmitted on one sector may become noise 
30 (interference) to other sectors. Furthermore, if each of the sectors, is constrained to transmit 
identical or nearly identical signal power (or to transmit signal power in a fixed proportion 
across the different sectors) on a given degree of freedom (e.g., time slot), the interference from 
other sectors to a WT in a given sector has the characteristics of signal-dependent noise or self- 
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noise. This is pailieularly the case when the interference from other sectors scales with signal 
powei which occurs in embodiment * here different sectors are constrained to transmit identical 
or proportional powe on given tegree o freedo g, tones in an OF e ac 

system. 

I dai ! ! ^ i ferent predetermined and knows 

strength levels, are transmitted from the base station to the wireless terminals to characterize the 
!i s Ton the] >f the sig - 1 ^ > » T ^ nt 

< < smlt a nlois on the same tone at the 

same time. Different sectors are often controlled to y*e - e i is' % ^ 

power levels for the pilot signal transmitted on a tone in each of the sectors. For example, on 
tone 1 at time T 1, a first sector may be controlled to transmit a pilot signal at a first power level 
\\ hili an ad a< n\ secto? is controlled to transmit at the same time To a piloi signal at a second 
power level on tone 1, the second power level being different from the first power level. 

According to one embodiment of this invention, 'cell null pilots 1 are used m conjunction 
with regular pilots to characterize the dependence of total noise at a WT on the power of the 
signal transmitted by the BS to that WT. Cell null pilots are downlink resources (degrees of 
freedom) where none of the sectors of the cell transmit any power. Noise measured on these 
e signal-mde >e 3 c rt loise at the WT. Regular 

s s x degrees of freedom) where each sector of the cell 

transmits known symbols using fixed or predetermined powers, Noise measured on the pilots 
thus nududes rm>-r-^ctor rUcrferenee and provides an estimate of the total noise, including 
signal-dependent noise. 

One feature of the invention is directed to the concept of a "sector null pilot'. The sector 
scan be use sec ed cellular wirele ei estimate e 1 

i u \ -i] % x A i ^ o s n i j vf. _ nth 

sectors ! s coordin ec so ! e x ^ c i e from he 

other sector. Sector null pilot can be downlink resources where one sector in a cell does not 
transmit any si oral energy and the rest or an adjoining sector transmits regular, e g„ non-zero 
pilots. 
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More generally; other types of sector null pilots caa Ise defiri su* > wh« subset oj 
the sectors of a cell transmits no signal on downlink resources and the remaining sectors 
1 > i i v> ^ > i! "o^ i a ^ - .aoo- 

i it I o v c t or necessan ^ f > . -o m 

5 ^ f c L" receives from other se some case 

data i s ted one i e o ' x ' i ch transmit pilot s glial t i the 

tone. 



With the oo s ?us eg streng pilots a >r various i %l ^ 
10 - 1 1 »s m? ason of the power of the signal transmitted to that WT 

L ul i 1 i ^ " i > i h the coramu of this 

inforrnation from the WT to the BS in order to enable the BS to determine the power to fee used 
fir di JerentWTs in bothomm-cell and sectorized cell e->\m o,-- iuihvn 
prior art, the channel quality information is not a single scalar value hut includes two or more 
1.5 -values which can be used to reflect the effect of self noise and/or inter-sector noise in addition to 
bat go i u si - 

In an embodiment of the invention for an OFDM based cellular wireless system the 
pilots include known symbols that are transmitted. by the base station on specified tones (and 
20 specified symbol times) at a fixed or predetermined power, and the null pilots are typically tones 
m f i e r t io c Mu j -'' c r ^ on power. 



Ir ^ em> > < 1 'cm as ar 

"omm <_ell ' j c v\ i 

25 ourc nclu< i i ,00,, ' <- 5 s a \ 5 < n a c Uso 

measures the 1 using the cell null pilot tone(s). Taking the ratio of the received pilot powfer 
with this noise nieasureriK 'i |S - T\dependent 

noise/interference. The WT transmits back to the BS these two SNR values, or some equivalent 
combination of statistics. 

30 

In the embodiment of a sectorized deployment with directional sector antennas, a single 
cell is divided into multiple sectors, some or all of which may be sharing the same frequency 
band (degrees of freedom), corresponding to a frequency reuse of I, in tins situation, in addition 



to the cell null pilot, the invention describes the use of sector null pilots that arc presem in a 
s i>t f of i am 
j - < - sect i v ?niz ) one .in some o the 

other sectors. This allows the WT to measure two or more signal-to-noise ratios, which .include 
5 inierft v. differet i S ; < < erse i eo epo s a set of 

SNR-relaied statistics, which enables the BS to make a es mte o hes v< ved SNR levels 
at a WT as a function of the base station's transmit power. The BS uses the reported channel 
quality wi jo- ;o cies o s - . -NR at the 

WT. 

10 

In accordance \s nh \ acn vm:c - < 1 - 

different received pilot signals, which were transmitted at different first and second pre-selected, 
and thus known, power levels. The two power levels may be, e.g., a fixed non-zero power level 
,rs , o s ! ^ iew\ o /-"o although other power level con.. - .' 

15 there being no mandatory requirement thai one power level he a zero power level. The value 
o turned fi 1 
a first channel quality indicator value. The second measured signal value obtained from 

\\o sjgnal is processed by a sec i < ? s different 

from the. first function, to produce a second channel quality indicator value. The first and second 

20 channel qi v I - . es are transmitted from thd wireless terminal to the base station. In 
some embodiments, they are transmitted in a single message while in other embodiments they 
are transmitted in separate messages. The channel quality .indicator values may be, e.g., SNR. 
values or oower values. Thus, the first and second channel quality indicator values may both be 
SNR values, may both be power values, or one may be an SNR value and one a power value. 

25 Other types of values may also be used as the channel quality indicator values with SNR and 
power values being exemplary. 

eml din its e WT determines it oc dative oaseetoi x>undary and 
ie->o si lx v i ei x i i to -t. o ^vd o the 

30 j station. T i imaimn ii lomia'W in adt I o t j w^ t 3 e 

qualit) indicator values is sometimes sent as a separate message. However, in some cases, the 
o<. o-s ' ^^Lo ii tms sm teed m fh- sari o^osm^w s re w» cr smel vJaU> ,Uv 
values. 
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K m £ rou addu on il feature^, v- <j its mc emb< u rooms <>f th< methods- a id , t tratus 
of the present invention are discussed in the detailed description which follows. 

5 BRIEF DESCR1 FT ION OF THE DRAWINGS: 

F c i \ ' a. wrog a transmit 1 i . >x i plan 

the present invention, 

10 figure 2 shows an exemplary wireless cellular system. 

Figure 3 she vs an e>i pie \ e\c noise is dependent on transmitted signal powerandiS: 
used for espbuung ihe preset; abandon 

.15 Figure 4 shows an example of an exemplary noise characteristic line, showing received 

power vs total noise, and is used for explaining the present invention. 

Figure 5 shows a graph of power vs frequency corresponding to an exemplary 
embodiment of the invention illustrating data tones, non-zero pilot tones, and a null pilot tone. 

20 

f igure 6 is a graph illustrating the relationship between SNR1, a wireless terminal 
ed So ependent n sse SNRO a v ireh ss 

terminals received SNR including no signal dependent noise for 3 cases: where noise is 
ndependei sign e e goal dependent noise is equal to the signal, and where the 

25 <■ 1 l x •> n, i n . n an 

F e. i v n i p r a three sect I > i 

invention illustrating non-zero pilot tones, sector null pilot tones, and cell null pilot rones in 
acc< - 1 i . . \ u.h e no cnf.o: 

30 

Figure 8 illustrates an example of tone hopping of the non-zero pilots, sector null pilot, 
and eel! null pilots in accordance with the invention. 
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I gun 9 llustrate three situations foi n exemplary wireless tt mimi 1 1 ? seet< 
en odiaient i edtoes 1 emkm in regard > the sector boun \ form on 

5 h Li i\U vi'iLt'.vNi 

ell i ctors in accorc nee with the present invention. 

F gme , 1 i s v fri*. 1 

invention. 

10 

Figure 12 illustrates an exemplary base station implemented in accordance with the 
present invention. 

Figure 13 illustrates an exemplary wireless terminal implemented in accordance with the 
1 5 present i nveotion . 

Figure 14 illustrates the steps of transmitting pilot tones in multiple sectors of a cell in a 
ehrori r.-ed manne _ >l ace with the present invention. 

20 Figures 1.5-17 i liustrate exemplary pilot tone transmissions along with pilot signal 

transmission power information in accordance with the present invention, 

F a u c 1> ill istra ci ving ^ ^ oi t ten di erent tones 

dvn\. a <inglt symbol \^vi period s accordance with the present invention 

25 

he opdauon of ar \ ^ t 1 

implementing the methods of the present invention. 

igure 20 is a flo 1 1 » exemplary base station 

30 implementing the methods of the present invention. 
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5 i IP HON: 



communications system which uses one or more multi-sector ceils. Figure ii illustrates an 
5 ^crr .! _ r i ! <= m , b si wnh > ^e ucJeKtuod mat the sysk 

may, and often does, include many of such cells 1 UK. Bach cell 1 104 is divided into a plurality 

positive int ban L 5 00 illustrates tht > as< 

\ oiseuois fir«t sector SO 1106, a second sector Si 

1108, and a third sector S2 1 110. Cell 1 104 includes a S0/S1 sector boundary 1150, a S1/S2 

10 sector boundary 1 52, and a 82/Si sector boundary 1154 Sector boundaries are boundaries 
where he sgm from oral tip ors g i i g sectors may be received at almost jc 
sane level s i , i f * a rece' ver to rVu < - K e ^cn • m ^ -mos ion the sector 

m unite t ^!<f * . m it <. ? n « ^el 1 104, multiple end n \ 

wireless terminals (WTsL such as mobile nodes, common eate with <> « * S * 1 ' 

15 Cells with two sectors (N--2) and more than 3 sectors (N>3) are also possible. In sector SO 
1106, a plurality of end nodes EN(1) 1116, EN (K) 1118 are coupled to base station 1 1 102 via 
wireless links 1 1 17, 1119, respectively. In sector SI 1 108, a plurality of end nodes EN(1 '} 
i 120, EN (X'} 1 1 22 are coupled to base station 1 1 102 vta wireless links .1121, 1 123, 
respectively. In sector S2 1 1 10, a plurality of end nodes EN{T *) 1 124, EN (X") 1126 are 

20 coupled to base station 1 1 102 via wireless links 1125, 1127, respectively. In accordance with 
the inventioi the base station i 102 transmits pilot signal? a nultipie powei evefs to the ENs 
1 1 ' f ^ t 8 " 1 ~0 1 1 ^2 ' : w tl i ^ v l e s < n ui ^ for 

\ I n t l ! 1 < l I r ( ^ 1 11 

witn the invention he en od e,| N 1) 1116 report feec 
25 v. a it r ii< i > es m the base romon l pg; ,d'<^\ i > it mec st,.no>- : v to . tmv tin. 
wireless tsrrai eh< satunctio 3 

station 1102 is coupled to a network node 1 1 12 via network link 1 1 14. The network node 1112 
is coupled to other network nodes, e.g., intermediate nodes, other base static;:, AAA nodes, 
home agent nodes, etc., and the Internet via network link 1 129. Network node 1112 provides an 
30 interface outside cell 1 104, so that ENs operating within die eel! may communicate with peer 
nodes outside the cell 1 104. The ENs within cell 1 104 may move within the sectors 1106, 1 108, 
1 1 10 of the cell 1 104 or may move to another cell corresponding to another base station. 
Network links 1 1.1.4 and 1 129, maybe, e.g., fiber optic cables. 
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Fig. 12 illustrates an exemplary base station (BS) 1200, implemented in accordance with, 
the invention. Base station 1 200 is a more detailed xefwsgemtation of base station 1 1 02 shown in 
.si j i'v a s ' 1 t ± ic U s 20OmcUu.es 

5 sc c^ia- 12 2 Hi pic ei 12 j ntte; I2u4 

aehf - \ _>2 v- L ; !-! „ v. > va i v. k> 'c I l tv 

B^e statm > < f <- 

' 1 1 * 1 t t s r s i i 

synchronized manner via sectorized transmit antenna 1205. The receiver 1 202. the transmitter 
10 rocessor 1206, t! 1 ace 1208, and the memory .12.10 are couple together via 

orients can interch data ant i 
interface 12- w t c- : v ba^c stat ot i2i 0 ^o the hu met and to other network nodes. 

The memory 1210 includes routine* .1218 and data/ information .1220. Routines 12,18, 
15 which when executed by the processor 1206, cause the base station 1200 to operate in 

accordance with the invention. Routines 1218 include communications routine 1222, a received 
signal processing .routine 1260, and base station control routines 1224. The received signal 
processing r a: qua > i i 5 e i 

which extracts channel quality indicator values from received signals, e.g., WT report messages, 
20 s ti on module 1264 for ex < i 

lertued •> < t e urn j i mer m some embodiments, indicates a WTs position 

ela ve c tseet bound l e ty indicator vah g ^ N ? > ? 

va es e ? s d to the transmission power c it i x tine 1226 for use i uiating 
•wws o vu n ij ^ insrOoO.W, h sa von j i 22 
25 it fer module 1225 a.nsnns pov\es ! m nit 1226 1 o i 

* i-ie^ 22 m » i c jv nifjtm n^ou-oH utmc 

The data/infotmation 1220 includes data 1232, pilot hopping sequence information 1234, 
and wireless terminal data / information 1240. Data 1232 may include data from the receiver's 
30 decoder 1.212, data to he sent to the transmitter's encoder 1214, results of intermediate 

N <. s s s e ^ K ue pj f loj jt r nco-c- .0 < il >tui ^ i2 A 4 mended p , -.e; c^oi 
information 1250 and tone information 1238. The power level information defines the different 
power levels that neb h B applied to different tones in order to generate pilots of various 
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ngths, within the pilot tone h ncs ent Phese pik 

"o v, ~ 1 1 t , (. i t ^ < t ~c r - ^ v r . 1 < ? J 

defining which tones shall be used as piiot tones of a specific strength level, which tones shall be 

5 V > H ! v. v >_ "! i ~ '! II , <C ^^lii- , 1 J v - c 

for each se< orfo ach tc i ID 246 Wireless termina data 

so' i ( eiess te crating w t n o o 1.242 

WT N info 1.254. Each set of info, e.g., WTi info 1242 includes data 1244, terminal ID 1246, 

\e „4> Li l ^ v i V 125 ! ! - ) ; 

10 Data 1244 includes user data received from WT I and user data to be transmuted to a peer node 
commun Lain ) i2 1 

oeen jw a* v i <. *■ " I s ^ i ^ l t a t m i 

. a ccV ! u'i cs sscxi tec h\ e t v mi ctn - t * d. .p. 1k 

terminal ID 1246. 

15 

The sector ID 1248 identifies which of the three sectors, SO, SL S2, WT 1 is operating 
in. The i i to tht 

• - v ; nt stages, that the base station may use to calculate the 

expected received WTI SNR level as a function of base station transmission signal power. The 

20 channel qu 2n\ niche nor \ aloes 1 250 are derived by WTi from measurements performed by 
WTI on the various strength pilot signals transmitted by the base station, in accordance with the 
present invention. The sector boundary position information 1252 includes: information 
identifying whether WTI has detected that it is near a sector boundary, experiencing high levels 
of interference ,<nb mmrmnher ■o.-mnyug winch secto; bou ida-y W i I ^ located near. Tbns 

25 i . t d or derived frc >osition feedback > bono i tied by the WTi 

amine oedbythe BS. The channel qualm dicatoi 2 1 ector bound 

position information 1252 represent channel quahp feedback information from the WTI to the 
n t I , < . > i o ' i n i ~>e •> : v mi- 

station 1200 and WTI. 

30 

Communications ;footmes 1222 is used for controlling the base station 1200 to perform 
\ arious communications operations and implement \ arious communications protocols. Base 
station control routines 1224 used to control the base station 1200 to perform basic base station 
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functionality, e.g., signal generation and reception, .scheduling, and to implement the steps of the 
i ethodoft ep em inven on including >ikn signals at differ ransmissio 

\ i w ess. icmm : The 

signaling routine 1228 controls the carom i 1 « i ibx i >. ur f ~ much guivrcte end 

5 J ^ i^l ^."^V^ i l 

hopping < v e r i i r do i control routine use 

mt> ! u io- 122* ms i ^ v, >l { se> 'e\rj\i 2^~m-ae,n, ) i ot 
• Inepowe? eve! > 1 eluded in power 

level info 1236 and the specific tones selected to receive specific pilot tones for each pilot in 

10 each sector at specific times are coordinated and controlled under the direction of the pilot signal 
s mmmo m 2\) Tl snuitme 2^"Vo rol\ s s 

fp v i 3-1" dual p v v e.g., software 

commands res onsib ot I ic o ism ssion of c trc,< t pilot tones are individual components or 
modules which may be interpreted as separate means which operate together to control the base 

15 station to transmit the pilot tone sequences described and shown in Figs. 1 5-17, Coordinating 
and/or synchronizing the transmission of various types of pilot signals between the sectors of a 
cell e.g., in terms of transmission frequency, and/or symbol transmission time -while controlling 
t s - - e h o , < ^ i " seceivmg me v. » 

tones, e.g. , known predetermined fixed level pilot tones, sector null pilot tones, and cell null 

20 pilot tones, to obtain, eng., compute from measured sign tl vak - s 

values 1250. In accordance with the invention, regular (non-null) pilot tones, sector null pilot 
Too,. \ 1 o i " > ^ a. < % ? a . i. v. n i if i mJK be 

transmitted. Scheduling modulo 1225 is used to control transmission scheduling and/or 
communication resource allocation. The scheduler 122-5, in accordance with the invention, may 

25 be supplied with information indicating each w;re;ess terminal's received SNR as a function of 
the base station transmitted signal power. Such information, derived from the channel quality 
indicator values 1250. may be used by the scheduler to oihv.ee bhinmel segments to WTs, This 
ao^ i E0 1 200 to allocate st- h nnels nu\ mv - l 1 

meet received SNR requirements for a particular data rate, coding scheme, and/or modulation 
30 solo ted to be p; -as de cl to a WT. 

Figure 13 illustrates an exemplary wireless tenninal 1300 implemented in accordance 
with the present invention. The wireless terminal 1300 may be used as a wireless end node, e.g.. 



a mobile node. Wireless terminal 1300 is a more detailed representation of the ENs 1114, 11 16, 
1118 1120,1122 124 ee> »Iary commi >ns sj of Figure 11 

o s ti I j ! r h_a l -.eve u i a'M e ^ a < . \ v { c [ 

\ , i ^ i t. o L r- si v ""{t Sv N 1 o wLntr> rev 
5 jrtei - i c i r T ie s V ' > <- ■> *eeejsei and tun 

ten 5 lich ai 02, 1304 The 

receiver 1302 includes a decoder 1312 while the transmitter 1304 includes an encoder 1314. 
Pu'usvi'i i^'i' .c! f \ one oh n ere so > >o ' 2 s o ^ i t. m ^ Nvawihe 

>v tei ii II t ( coord ace 'with the methods of the present invention 

10 < , v s os routines 1320 < , i 

2 k\ v. ,) ;s i ,orr,K "a s a i o !2() llo 

n eles annul comr outines 2 is nakng routine 28 i t a pilot si 1 

t 13 v a era t e i dity indicator -value genei duk \2 

bounJar> position determining module 1331, and a channel quality indicator value transmission 

15 control module 1333. .Data/information 1322 includes user data 1334, e.g. information to be 
transmitted from the wireless terminal 1300 to a peer node, user info .1 336. and pilot signaling 
info 1350. User info 1336 includes measured signal values info 1337, quality indicator value 
information 1338, sector boundary position information 1346, terminal ID information 1342, 
base station ID information, and channel report information 1346. Pilot signaling info 1350 

20 ,xo xroer level info 135a << tone sto 1550 The measured 

signal value mk s i i inner! 

under the control oi y lot signal measuring module 1330, of a at least one of an amplitude and 
phi t u t v.e ^ vO^g t 7« ^ s Ui Tilt i v it 

from the channe qm i nJ r value gener i dale _ channel qua! d > 

25 value information 1338, when transmitted to a ease station may allow the base station to 

determine the WTs received 5 NR. as a function of transmitted signal power. Sector boundary 
position in ton 134i des n identifying that the wireless te 

sector boundary region, e.g., the wireless terminal is experiencing high inter-sector interference 
levels, and information identifying which of the two adjacent sectors Is the boundary region 

30 sector. The base st t tna> -e the sector boundar> res in t identify channels m 
v ) v! t sector* n. hem the transmission power should be toned off to reduce inter-sector 
interference. Channel report, information 1346 includes the quality channel indicator \ alues 
"^"'L, vr- 1 1 iphi' ! e . ! t„ ~t v Ov. v.a r 1 rs i ^a„ " i - 
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sector -boundary position Information 1340, The channel report information 1346 may be 
stoiaured *a ! aa.;; - s c _ lor each euaht) indicator „u or with groups of quality 

ndicaio \ d m a sing essage. The messages may b ou odicall) 

edeterroined time licate ! t » Thete i I 1 ! t 342 re rese > 

5 c i i i ik i v. ^ ^ em- - 1 > ' ui i 

static 1 be base s i ■> 
ra b t _ i ! r s - v mdude 

sector ide t i a 

10 The pilot s »ping se ence information 1352 identifies for a given base station, with • 

base station ID info 1 344, which tones 1356 at what rime, e.g., OFDM symbol time, should be 
measured to evaluate pilot signals. The pilot signal power level information 1 354 identifies to 
1 > si v. e i e transn e leu sign - > g s1 l < N 

J ^ i i„ v . o . ^ g sequence 1352, Pilot, signal power level information 

15 1354 may also identify sector and cell .null pilot tones. 

Communications routines 1324 is used for controlling the wireless terminal 1300 to 
perform various communications operations and implement various communications protocols. 

.20 Wireless terminal control routines 1326 controls the basic functionality of the wireless 

terminal 1300 in accordance with the methods of the present invention. Wireless terminal 
signaling routines 1328 control the basse functionality of the wireless terminal signaling 
! i c g i ! eceive m 04, sigt i id reception 

cent v;a- e wireless ten e wil i J ^ i i \ 

25 meTVi - nt uding he easuring of pilot sig&als, the generation of quality indicator values, and 
the transmission of channel qualm indicator s alues The pi! >t oar. I m« asm ng n odule 1 330 

t v 1 i c i i L ss r ! ! S[ r -U 

hopping sequence info 1352, and tone info 1356. Pilot signal measuring routine 1530 measures 
o si, i ^ a S io, . t r~f d- ia „ a! \ se 

30 l A ChannJ qaaht> mdica o, vah e gene ioda e 

1332 includes a power estimation module 1361 and a SNR estimation module 1362. Channel 
quality indicator value generating module 1332 generates quality indicator values according to 
functions, which use the measured signal values 1337 output from the pilot signal measuring 
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module 1330. Module 1332 includes first and second sets of instructions for implementing first 
and second channel quaiit) nd :ato % h e fundi s where t stand seconc func ns 

processor 1306 to estimate the received power included in received pilot signal(s). SNR 
5 v.s i - > t proce ssor 1300 to 

,s i The sector boundary position 

t \ i itkm oft! s terrmna ) illative to 

<• a< r » m t v . v 1 1 v s v { ^ >. 

i i -> < I I i n s s i w i ^ 1 . e 

10 indent ->eao- i- , 1 

to'WT 1300. The information output from sector boura n ^ v i i > i - N 
inekided in the sector boundary position information 1340. The channel quality indicator value: 
transmission control routine 1333 controls the transmission of the quality channel value 
i ii station. The channe quahty 

IS ind v itoi value tn n - ission control routine 1333 includes a message generation module 1335:. 
Message generation module 1335 controls the processor 1306 using machine executable 
. i\ i v c.ev u>ed to c<->mn <. i s 

Message generation module 1335 may generate messages with a single channel quality indicator 
value or include at least two channel quality indicator values in a single message. Message. 

20 generation module 1335 ma> also generate messages « hich include position information, e.g., 
v n i n 1340 or incorporate such information into a message 

which includes a channel quality indicator value. The messages t 1 b] message 
generation module 1335 are transmitted under control of the channel quality indicator value 
transmission t nodule 3 Messag wesponain t. and second s i> 

25 mt i t ] i ill 3 li 

n o co £f i od 1 1 1 t Tie,. .i 1 < ~* r > . s s s v 

communication channel segme te dedic tted to carrying cha qu ty indt ator values. 
Module 1333 may a s< con ol the ; n on times to correspond to pre-selected dedicated 
time slots dedicated by the base station for use by a WT 1300 thereby precluding other wireless 

30 terminals from using the dedicated time slots. 

Figure 1 is a simplified diagram showing a transmitter 101 and a receiver 103 which will 
be used for e 2 invention. Trans mi tier 101 ma> be, e g., the transmisei 1204 of base 
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^ 1200. wbue tec- ;\e- 1 > may be, e.g., the receiver 1302 of voteless terminal 1 J 00. In a 

tit i s ^ v s ich is the - X), ti x c , i eex > A _ 

i e ■> 1 priate mc r > sceiver 103. The choices ma) 

include the code rave of the error-correcting code, the modulation constellation, and the transmit 
5 powei (eve! In general m order to make sensible choices, it is desirable for the transmitter 101 
1 i 1 dge a the comi inication channel from the tx n ait 101 to the receiver 
103. Figure. 1 shows an exemplary system 100, in which a transmitter 10! sends data traffic 1.04 
to a receiver 103 on a forward link 105. On a reverse link 107 from the receiver 103 to the 
i isf i ~ dm on 106 to the 

10 trans 01 hen uses the reported chan dmon sniorm 

to set its parameters proper!} it smts »n 

Figure 2 shows an exemplary wireless cellular system 200 where a transmitter is 
n iuwu i « * .» f< cm (BS) 201 with antenna 205 and a receiver is included in a wireless 
15 -en i^T < . ^ h It; iu n l, i a ^ v i ^ t ^ ^ 

base station 201 to communicate information on the downlink channei(s) 208 to the wireless 
terminal 203. The BS 201 often transmits pilot signals 209, which are typically transmitted on a 
small fraction of the transmission resource and are generally comprised of known (pre- 
determined) symbols transmitted at a constant power. The WT 203 measures the downlink 
20 channel condition 213 based on the received pilot signals 209, and reports the channel 

conditions 213 to the BS 201 on an uplink channel 215. Note that since the channel conditions 
213 often change over time due i fac g anc Do; der effec a. c BS 201 

quently < > VT 203 can track and report 

hannel ditions 2 he t - X WT evaluate the d i 

25 e mditions 2 1 ?• based on the received signal strength and the noise and interference on the pilot 
209 The con binatk nd interference wi d to subsequently as 

- i t uetimes ust \o se I" tee pi oi art technic] les h s tvpe of 
information is normally reported in the form of a single scalar ratio such as signai-to-noise ratio 
(SNR) or an equivalent metric. In the case where noise/interference is not dependent on the 
30 transmitted signal, such a single scalar metric is usually all that is required at the BS 201 to 
predict how. the rect ived SNR will ch nigs with signal transmit power. In such & case, the BS 
201 can determine the correct (immmum) transmit power for the coding and modulation it 
seleeis to transmit from the single received value. Unfortunately, in the multi-sector case, noise 
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N i _ v t \- T ( k * C ^ T ? W 

value insufficient, for accurate SNR j ictions for dif i smiss >ower levels 



T i i i v I i e es vs v v js the 

5 i Jt to s c- lo ! r " r, i < s i . i t > ! r { 

iv i ■■ u ~ v _ , ... w „w,m m < rw -t\ . v v ! sc Abchis 

proportional or roughly proportional to the power of the Signal. Figure 3, shows an example 
vhu iosi . e-ewe-u i ^ < > . power In Figure 3 ^ 1 c vs ve 

i n - i tii ! \ \ n 

10 T i\ ■ i ih h is he sun et ; s * i it - r aw 

i ! f i k u ^ > ^ - , K 

* i n v -v> ! A.o oxan.pL ct scr .owe s < K e tiv _ t a 

interferes with Che received signal. This noise is proportional to the vg« 
uneqnaiized signal energy could result from error in channel estimation or error in the equalizer 
15 coefficients or from many other reasons. In situations where the self-noise is comparable to or 
] i deperce nt noise, a single scalar downlink SNR value (which may he 

measured on a pilot) is no longer adequate for the BS 1200 to accurately predict the received 
SNR at the WT 13(H) as a I > , i transmit power. 



20 This invention provides a methods and apparatus which enable each WT 1 300 to predict 

its downlink receive SNR as a function of the signal transmit power in the- presence of signal 
dependent noise 309 and communicate this information to the BS 1200. This enables the BS 
1200 to transmit hi diiieient ? > e s t j ei 

respective SNRs required at each of the Wis. The total power transmitted by the BS 1200 is 

25 Up . a n <■ i \d ^ t\ \ vie v hr.i'W^ ;< uns 

and may vary over time. At a WT receiver 13-02, the dependence of total noise 303 as a function 
of the received signal power 317 can be modeled by a straight line 305, referred to as the 'noise 
characteristic line" in this application, as shown in Figure 3. Since the noise characteristic line 
- Li does no t - t ingle scalar parameter s not enough to 

30 characterize this line 305. At least two parameters, e.g., two channel quality indicator values, 
are required to determine this line 305. A simple method of determining this line is to identify 
the kn ado i , t ;oo mnct pomts. e g., points 311 and 315, on -A, :dnoe au> two uistmcs po s 
mcie\i.\ "t t-J* N h ) v t " ce mined 
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1 t h which the line is determined ks bettc 

points are chosen farther apart than if the points are cl oser together. 

- v > ' ^ i ; r ! i i s oi M t 

5 i, by transmit! i n teterisde iin 

» ( v 1 - - in g lot signal is a ted at a fix 

power level to obtain a first point, and a second pilot Signal at a second power level different 

> I v i > l " l > t Mv 

pilots can be transmitted at the same time if different tones are used for each pilot signal. 

10 

With respect to figure 3. the first pilot signal is measured and processed to produce the 
first point 315 on line 305 identifying received pilot power ievel 317 and a corresponding total 
noise level 319. In accordance with an embodiment of the invention, the BS 1200 transmits 
'null phot' signals on the downlink in addition to non-zero pilots. The null pilots are comprised 

15 t << >u n \Ov'i kBS 1200 mm ■ i <! >ov\c 

e.g., traso f „ , - * , ^ it The second pom spmT. the null pd.a -iguai. 

results in point 311 on line 305 and identifies null- pilot noise- level 313 which is equivalent to 
the signal independent noise 307. Based on the noise measured on both, the pilots and the null 
pilots the WT 1300 obtains two different noise estimates 313, 315 at two different signal powers, 

20 e.g., 0 power and received pilot power 317. From these two points 311, 315, the WT .1300 can 
determine the entire noise characteristic line 305 of Figure 3. The WT 1300 can then also 
communicate the parameters of this line 305 (forexamr. c " <' ortte othet 

equivalent set of information) to the BS 1200 enabling the BS 1200 to determine the received 
SNR for a given transmit signal power when transmitting to the WT 1300 which reported 

25 multiple eh le! qu y v s. Since nu ots ^ r ignal wer and oth ots, 03 c 
other hand, are usually transmitted at a relatively large power, the two points 311, 315 
corresponding to the null pilot and the non-zero pilot in Figure 3 are relatively far apart leading 
k j good reenmes m characterising the line 305. 

30 Signal noise and various signaling issues will now* be discussed further. Graph 400 of 

1 _ . - i ^ > ? ' , \ss 401 vs total noise on die 

iorko i axis 402 Figure4--grves.ai» jiltisteMioa'oi ait. exemplary noise c ie 405 

To characterize the Hoc 405, in accordance with the invention, the BS 1200 transmits signals 
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that enable the WT 1300 to make measurements of at least two distinct points on the Sine, e.g. 
points 407 a d f ' 1 i i A g the line 4 jbtaioed i those me surements 

is then transmuted to the 8S 1200. For example, the SS 1200 can run: ^ - o d-iYerent sig 'sal 
powers Pi and P2 that will be received as powers Y 1 and Y2 as shown in Figure 4. The WT 
5 1300 me v s 1 

-lies] j s^t t > d v M ) l\ 4 e k. k ^ 1 ~ 

17 ii 5 t >-.-- e i U fs i.4 ^ iconic ! nned In 

ue e VI d P2 Lire kr.t i <, o tn r i •> ! n rv Hit pun 

uu 1 st^n , vheh 

10 * UfvC f !U f i /C! 

does not necc><anb have n* be zero. For example, PI c < < 
positi t tl an P2 

Once the noise characteristic hue 405 has been determined hs the BS 1 200 from received 
15 feedback information, the BS 1200 can calculate the SNR at the WT receiver 1302 for any given 
i > I I shows the procedure of determining the SNR 
corresponding to a given transmission power Q, First, the BS 1200 finds the corresponding 
received signal power Y 421 of transmission power Q, by lineal .e . K J e 
points (¥2, P2j and (FT PI): 

20 

y^y l ,. Y !::Jl. { g Pi). 
Pl-Pl 

The corresponding noise power corresponding to a transmission power 0 is given by linearly 
interpolating between the points (X2, P2) and (XI, PI): 

25 

PI - Pi ' 

Then SNR(Q), the SNR as seen by the WT 1 300 for a BS transmit power Q, is given by: 



30 



-21- 



Point A 411 or the noise chi ractensfec lint 405 sh< w n in Figure 4 has the x-axis value of X 420 
and y-axis value of Y 421 and corresponds to transmission power Q. Note the slope of a hoe 
that connects point A 411 and the origin 422 is SNR(Q), the SNR at the WT receiver 1302 if 
5 dCMi ' c 'J ^ i 1 I 1 " < i - ii w e -o v oi - om the 

« - v.v tv k >. i 1 he BS 1200 can and does determine, for example* what 

transmission powe s reqi < >IS > he WT 130(5. 

Fsgui i g K> p ing eror e vertical axis 501 vs frequ 

K) h < I l N f ^ 

v i i ! v < i s v < Orthogonal Frequency Division Modulation (OFDM). 

i e ^> drv v.o 31 orthog nal tones, such that 

transmissions on different tones do not interfere with each other at the receiver,. even in the 
presence of muitipadr fading in the channel. The minima m * gna an ssion is a 
15 single tone in an OFDM symbol, which corresponds to a combination of time and frequency 
resources. 

Figure 5 shows the power profile of the tones at a given OFDM symbol. in this 
embodiment, a pilot 5 15 is a known symbol sent at a fixed pilot power 507 on a tone, and the 

20 null pilot 513 is a tone with zero transmission. power. These pilot tones 515 and null pilot tones 
513 may hop over time, meaning that from one OFDM symbol to the next, the position, that they 
occupy may vary. Over extended periods of time, the pilot signal transmissions are periodic due 
to the repetition of the hopping sequences. Four pilot tones 515 and one null pilot tone 513 are 
show n in Figure 5. The tone locations of the pilots 5 1 5 and the noli pilots 513 are known to 

25 both the BS 1200 and the WT 1300. Twenty-six data tones 51 1 are also shown in Figure 5 with 
«. vs ' a nwomowwn rmver level 500. Fmmr ^ >-S inn u pdot ore transmission 
power level 515 is significantly higher than the data tone transmission power level 509, allowing 
:rc Nvj.t cn> com - m a- \ » m. - 5 a v:al, the data tone tran-nrn-xnon 

v N i be the same ac < ^ i e 5 ^ 

30 level 509 may vary from data tone to data tone. 

In the situation of a wireless deployment situation deployed wim omni-directional 
antennas, the • ... re-n u t tgle null pilot Lnowi as that cell mdl pdot. Suppose that 
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a pilot one s ve * c ng data traffic 211 s edi powe 

Q, as indicated in Figure 5. By lookis g at the ree* - r the pi ot the \\ 1 1300 is abk 

to i e<.\ ^ i- v \\ 5 f i n ! i x > t 

I > J n VP. as sec x \\ e s . ? 

5 corresponding to the base station's transmission of data at power Q. which may be different 
from P. 



The knowledge of the received SNR is important since it dete.raii.nes the combination of 
.a dim i s \ \ j i <i i sj>vc i j- 2. \ b o , 

10 error rate to g„ the probability that the transmission ot a single c odeword is incorrect) and for 
ev'coUi' 1 .1 - t i > - ' * ^ 'i ! *■ ^ R t< i e 

! 1 > O 1 tSt ^ Ov 1 1 l v. f 1 . |> ^ '0 ^ ! . V NO 1 L s 

than the s:* . 1 e . ^ t ? ee ,t g, i% block error rate). From this point of view, it is desirable 
for the BS .1 200 be able to accurately estimate SNR(Q) in order to solve for the transmit power Q 
15 tree w til prcKiuce a i - NR too ■ * c eds . it min mum SNR for the desired code rate and 
mod u I at ion const e llaii en . 



the relationship between SNR(Q) and Q depends on the signal-dependent noise. For the 
<• «v > .V > -on, we assume that the signal-dependent noise is proportional to the transmit 
20 i > - , \t s ' , > \w , v me 305, 405 as shown r p-gute^ ■> anO 4 to uk.ii t te^ze 
the dependence of the total noise as a function of the received signal power. The principle can 
similars) be extended to ether situations. 



so thai when the tS nver; se received 

25 power by wireless terminal is aP . Let N denote the signal -independent noise, and yP represent 
the signal-dependent noise, where y is the proportionality factor to the transmit power P. Then 
ie £ mc ^ NR on p i w s s n x 



SNRl(P} 



N -ryP ' 



30 
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whe.c <* i gdots and /V is dv , s, VJ 

by the WT 1300. We call this 'SV/?/ ' to indicate that it treats the signal-dependent interference 
as a single entity. 

5 By using the nuU pilot, n ^ piKsnh » i WT 1300 to c J \ nvasurr dv signab 

independent noise N\ since there is no power transmitted by the BS 1200 on tins null tone By 
i a j n v ! v . . \ hj! the.uOKJpsH 'hi ! S plx 

$NR(){P) = -^7 , where the name \SNR0" indicates that .it considers no signal-dependent noise. 
10 Then the relationship between SNRl(P) and SNRO(P) is given fey:' 



15 



SNRl{P) SNR^pY a" 
ho \i. o a lip tCit) Ct u JJ . t 



SRR1 - 



Comparing \ ' ine shown in Figures 3 and 4, one can see that SNRO(P) 

corresponds to the x-axis intercept of the line, while SRRi is equivalent to the slope of the line. 
Then as a 1 unction of SXRsh P i and SRRL we can write: 



! anem < n« he measuremer SVWi 0 and th RI? u reported by the WT 1300 to the 
25 BS ' 200. From these reports, the BS 1 200 can compute $NR1(P}. 

Graph 600 of Figure 6 illustrates the relationship between SNRl(P) on the vertical axis 
60 £ iSNROfi o he horizc i >ais 603 *here the SNRs are plotted in dB Three c e 
illustrates by lines 605, 607. and 6 i e ' <7?i=0, SRRI =0.5 and SRR1=I< 



-24- 



15 



respectively. The case of SRR2 = h . 1 xaids to the siti ion where n se 

independent of the signal, so that SNR1(P)=SNR0(P). The case of SM2=2 (line 609) 
cones r. e s* wee ne -> g .u, < s < K - i ' ^ •"■ 

possible for SNRl(P) to exceed 0 dB. 

From the information received from the WT 1300. the BS 1 200 can then compute the 
eceived SNR t o trai power g for the data t c. 1 ec ed SNR by 

the W }\ > i ie signai-dependen noise : d akes the form 



hovrtine au< . i i t e:\es 



SNRlip) aQ ' a SMRQ[p}Q 

swig). ^ — 

$NjWt(P}< SRRl + — 



Hence as a function of the values SNR0{P) and S/?i?2 reported by the WT 1300, it is 
possible to predict the SNR as seen by the WT 1.300 for any transmit power Q, These 
he* \ dons il i & ite 1 at using the rail pi ot, the WT 1300 :am dele i e * id ra smti statistics 
to the BS ! 200 which i i ble the BS 1200 to predict SNR as & function of transmit power in the 
20 presence of signal-dependent noise that is proportiona < 

\ t 5 tr,. e. 'Ut i i^- < >i?£7 men. areola eni <fs o* 

reports that the WT 1 300 can send to the BS 1200, which fail within the scope of the invention, 

25 The methods and apparatus of the present invention are particularly useful m a multi- 

sector ceil. In wireless cellular systems, base stations 1 200 are often deployed in a configuration 
where each cell is divided into multiple sectors as shown in Figure 1 1 . For a sectorized 
environment, the interference between sectors 1 10m 1 I0;v 1 1 10 has a significant impact on the 
received SNK, In addition to the signal-independent portion, lite total noise also includes signal- 
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dependeni portions, each of which is proportional to the signal power from other sectors of the 
s niece ' 04 e i o J _ s> i wc < t ^e^wcv k -,m ss x jn 
Figure 3, because in this sectorized . tuation, the total noise includes two or more signal- 
ed i a c K v Jrh*>* tit «'C i u via. cten-edKa 
5 straight line, which is now defined in a h ghe? dimensional space. This noise characteristic line 
i ed.l 1 iv The intercept is a fi 
m„ > u.'vivv o \ 1 n >e < rv , "v^e . o \ en, 
o a particular signal power. 

« !? t { j v 

" % method of seetorizadon, where the each of the sectors 
llita* m i ! u rc s t ic c Hi e i n n ^ , v t \ i o id to 

transmit in each of the sectors. The total power transmitted from each sector is typically fixed or 
known but different WTs 1300 may receive a different fraction of it. Since the isolation 
between the sectors is not perfect, signal transmitted on one sector becomes noise (interference) 
to other sectors. Furthermore, if each of the sectors 1 106, 1 108, 1110 is constrained to transmit 
identical, proportional or nearly proportional signal power on a given degree of freedom, the 
interference from other sectors to a WT 1300 in a given sector 1 106, 1 108, .1 .1 10 appears like 
signal dependent noise or seif-noise. This is the case because the interference from other sectors 
scales with signal power, so that the noise characteristic line is similar to what is shown in 
Figure 3. 

ere the BS 1200 i c e cell null 

pilot that enable the WT 1300 to evaluate the intercept of the noise charaetenstic line with all of 
25 'l u i \ \ i . _ ' a x n ii Cv if e i s v\u s 
1106, 1108, 1110 may be coordinated so that WTs 1300 at the boundary 1 150, 1152, 1154 of 
ectorsdono ceive an> t ori eive -c u erference) from > er sectors. In 

accordance with the invention, the BS 1200 transmits signals such as the 'sector null pilot' that 
enable the WT 1300 to evaluate the slope of the noise characteristic line taking into account only 
30 the signal-dependent noise from a subset of sectors. In accordance with the invention, the WT 
1300 then reports the signabitidependent SMR and these different slopes, or some equivalent set 
oi i iforrn&tion back to tba n reverse Imk. 
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Figure 7 shows in diagram 700 the ..signaling for an embodiment of the invention in the 
case of a sectorized > s -sg (Vhogonal F ue s M at 

o ;FUM>. Cu-i.,i.;Vi a 3S 12(H) with three sectors 701. 703. 705. in which the same carrier 
equency is reused in all sectors < s 

5 70 \'\ "V N ' . isL. ^ n i- , 1 1 *- ■> "o- „ rv v\ tr N - a 1 
power levels are indicated by reference numbers 71 1, 715, 719 for each of the first through third 
sectors, respectively. The situation of other numbers of sectors will be discussed below. Let the 
three sectors 1 106, 1108, UI0 of the base station 1200 be represented by SO 701, SI 703, and 

10 given OFDM symbol 707, including an example of the placement of data tones, e.g. exemplary 
v ,i 1 728, pilot >. exe ilot to e 727 * yi es. e.g. exert!] you 

pilot tone 721, across the three sectors. Since it is assumed that each of the sectors share the 
same frequency band, the corresponding tones between sectors will interfere with each other. 
Note that the position and order of the tones are shown for illustrative purposes only and may 

15 vary ere ni >1< 3 tentaf ons 

b » iM,ua I i e r , f x w < 1 ^ i oi more cell null 
pilots, which are null tones that are shared by each of the sectors 701, 703, 705. In a cell null 
pilot 729, there is zero transmission power in each of the sectors 701 ,703, 705. In addition, the 
20 downlink signal includes one or more sector nulls 721, 723, 725 where- the transmission power is 
zero only in a subset of the sectors 701, 703, 705. In the same tone as the sector null pilot, it is 

WT 1300 in the other sectors. For example, sector SI 703 sector null pilot 723, has 
corresponding sector SO 701 pilot tone 731 and corresponding sector S2 705 pilot tone 757. 

25 

In one embodiment s owt n Figure 7, there m p sect! mil pilo ncl cell 
null pilot hi each sector 701, 703, 705. For example, sector SO 701 has four pilots 731, 733, 735, 
737, one sector null pilot 721, and one cell noil pilot 729. These pilots are arranged such that 
each sector has two unique pilots, and then shares a pilot with each of the two other sectors. For 
30 example- sector SO 701 has unique pilots 735, 727; pilot 731 shares a tone frequency with pilot 
737 of sector S2 705; pilot 733 shares a tone frequency with pilot 739 of sector SI 703. in 
addition, the seetoi null pilot tor one sector coincides with pilot tones in the othei sectors For 
example, for the null tone 725 in sector S2 705, a pilot 733, 739 is transmitted on the same tone 
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in sectors SO 701 and SI 703, respectively. The locations of the pilot tones, the cell nasi tones 
and e sect* nul tones a s V on i to >o h Bs I N t! e WT .1 300 



The pilots change their positions, or 'hope over time for various reasons such as 
5 fv i ds\efs - _ e nip ^ ' i n oppmg of the pilots, cell mm pdot 

wsui i ! e ! v m ^ e < \ 'k^u { P vt time-on 

-u ' > / L k - u^o s ,;; — s x < v \ v Inch e tch 

smal lorizomal sut >n 807 corresponds h OFDM S3 \ " 1 ne Each pile rone 809 ks 
i ix ertieal shading Each sector mli v i * f nted by a 

10 t t 1 ^ r V 1 _ ! V ! I 1 V ^ - - 1 1 0 ■> N 

with cross hatched shading. 

In an embodiment, the pilot tones essentially hop following a modular linear hopping 
pattern. In accordance with the invention, the sector null tones hop following the same modular 
15 linear patten he pi! opp ig with the same slope value. Moreover, in one embodiment of 
the invention, the ceil null pilot tones also hop following the same modular linear pattern as the 
pilot hopping with the same slope value. 

In an embodiment, the data tones essentially hop following a permuted modular linear 
20 hopping pattern. In another embodiment of the invention, the cell null pi lots hop following the 
same permuted modular linear pattern as the data hopping. In that embodiment, when a ceil null 
pilot tone collides with a pilot tone, either the- transmission of the pilot tone in each of the sectors 
is suspended and the pilot tone is effectively erased, or the transmission of the pilot tone 
continues in at least some of the sectors and the cell null pilot tone is effectively rendered 
25 unusable. 

Suppose that the WT 1300 has a link established with sector SO of the base station 1200, 
and that the channel gam from SO to WT 1300 is given by a . Similarly, suppose that the 
channel gain from Si to WT 1300 is given by , and from S2 to WT 1300 is given by f . 
30 Fin illy force ss 5S, suppose that the signal-dependent noise in the link from SO to WT 

1300 includes self-noise that is proportional to the transmit power with a channel gain of S , 
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Suppose that the transmit power fsr -the data: tones on the three sectors is gi ven by QQ, 
QU and Q2, respectively, Then the recei ved SNR for the link from SO to WT 1300 is given by 



SM? 5Q feO,OL()2)- 



aOO 



For tiie remainder of lh\ 
other sectors { fiQX and ;<>2} 
same sector SQO so that for s: 



s discussion, it will be assumed that the interference due to the 
i ore si g depends se iron 



10 The W n i >roude set of pas meter* lo the h.«\ \ \ enougl 

information to predict the received SNR for the downlink data transmission from SO to WT 
1 300. To obtain that information, it may use the null pilot tones. Using a cell null pilot, in 

h,ih ii s i e se^toi^ .s 0, u $« pccv.OLc to meas d e 1 i 

independent noise. Comparing that with the recei ved strength of the phot from SO gi ves the 

15 following SNR: 



Next, the sector null pilot tones can he, and in various embodiments are, used to measure 
20 the SNR 3 the u atn r. vmen m.c i i In partico 

foi seek ? 30 so o ee - p ot tone that corresponds to a sector null pilot tone in S2. Then 
measuring the SNR eased on this pilot in sector SO will give the value 

25 

where the interfering sector is S I (with, path gain ). Similarly, by measuring the SNR on the 
pilot tone that is & sector null tone in SL the interfering sector is sector S2 (with path gain y % 
and the resulting SNR Is given by 
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I it slopes of ihe nowe chnuc . 1 r »ehoc:bcs id ~ eetivel\ 



5 X , \ ^ \ 15 _ [ f i . oscch 

null pilots in the other sectors, then this SNR measurement takes into account the interference 
from two sectors. 



10 SNR2{P) = 



+ yP+N 



Bs Jufn\ ) y ^RR es oioper siooe of the ru> v ' 

15 is possible to relate $Nmf{p) , SNRl r (P), and 5M?2fPj to SNRO(P): 

a 

sum* 

a 

SRRV =~ 
£2 

The SRRs themselves can be computed in terms of the SNRs as follows: 

20 

1 



SRR2 



SRRl ' = 
SRM r 



' SNR2{P} SNm{p} 

I 1 



i i 



af(p) sNm(p) 
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Note that SRR2 can be found as the sum of SRRV' and SRRl y . 



Then the SNRs can be written in terms or SNRO(P) and the SRRs: 

5 

SNRtPU SNROiP) 



1+SRR2-$NRQ(P) 

s " -SNRiXP) 

SNRim- , x 
v ' l + SRRV ■ SNRQiP) 



10 If the WT 1 300 reports a sufficient set of these statistics (e,g., 

SNR0(P\ SRRl fl , SRRl r , SRR2 ) to the base station 1200, the base station 1200 can predict the 
received SNR by the WT 1300 based on the transmit powers QO, QL and Q2. In general the 
SKR as seen by the WT 1 300 for a data transmission with power Q0, with interference from 
sectors Si and 52 with powers (22 and Q2, is given in terms of the measurements made on the 

15 pilot tone with transmit power P as: 



SM?0(P) 



In Figure 9, diagram- 900 shows three situations for an exemplary WT in sector SO. Cell 
20 901 includes three sectors SO 903, Si 905, and 82 907. Fig 9 shows a WT 909 near the 

bourn u*. cior SI 905, where V 09 rec nifieant downlink in srference from 

sector SI 905. Ceil 921 including three sectors SO 923, SI 925, and 82 927 shows a WT 929 in 
the center of the sector SO 923, away 1 rem the sector boundaries. Ceil 94 ! including three 
sectors SO 943, Si 945, and S2 947 shows a WT 949 near the boundary with sector S2 941, 
25 where the WT 949 receives significant downlink interference from sector S2 947. 
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In an embodiment of the invention, for each of these three situations, the WT sends a 
subset of the measured statistics to the BS 1200, in order to reduce the amount of information 
conveyed on the reverse link, e.g., the uplink. 



5 iq t > hovvT i figure v t respe > ee i s >p se tha the WT { 9 i 

" , , v >, m. < se ^u -ecim Si 05 1 v o . vonimated 

interfere with the am - sions Iron sect r SO 903 to the WT 90* vl anwh e. the transmission 

- \C 1 _ 1 7 S * I v. N i I V - 1 n j ! is 1 

1 0 sector SO. Then the SNR seen by the WT 909 will be given by 



SNRQjp) 
SRRV -SNRQ{P)+ 3f> 



Q 



in which case it is sufficient to report SNR0(P) and SRRl r . 

15 

Kext, for the situation shown in Figure 9 with respect to cell 921, in which the WT 929 is 
sot near a sector boundary, it is possible to transmit on most or ail sectors without causing too 
much interference to the WT 929. In this case, suppose the bast tion schc N nakes 
the simplifying assumption that each of the three sectors should li n r it oh a « ith the jams 
20 Q le i MR seen I c u >29 for ransmissh i m sector SO 923 is given by 



$N R ®{p) 
SER2'SNR(iP}-r^ 



r ns, & J ssufncien tcrepo SNRi ° ant SRR2 

25 
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Next, for the situation shown « Figure 9 with respect to cell 941, the WT 949 is located 
near the sector boundary with sector S2 947. Since the WT 949 receives significant interference 
i 2 947, a coordi scbec f e H) can turn oi 

i ^ o s2 ' -~ V;anwhilc impose i >( . ~m s r ->-. or kn 

5 secior S I 945 is scheduled with the same transmit power 0 as in sector SO 943. Then the SNR 
see )> ie V\ H will be give 



aQ 



rN 

SNROjP) 



$RRL fi -5M?0(P)a 



10 in which case it is sufficient to report SNRQ(P) and 5i?i?I /f 



Hence, if the BS 1209 restricts the transmit powers such that they are equal to some 

„ _ 1 V ^ ! v I t e i ' N b ■> 

information needs to be transmitted from the WT 1300 to the BS 1200. In particular, in one 
15 embodiment, the wireless terminal 1300 makes a decision as to which of the situations {erg,, as 
shown in Figure 9 cell 901, Figure 9 cell 921 and Figure 9 cell 941 } the WT 1300 is currently in. 
This information can be transmitted by the WT 1300 to the BS 1200 as a two-hit Sector 
Bo 1 c cc I e v. ! ^ c dicate - posit 

inform hon re veto ctor boundary b i coi c idicate whs ertheWl 1300 is 

20 on a boundary so that it is necessary to turn off the transmission in the neighboring sector. The 
second > t co k < which of the eei< mses more interfs e. Po v_ t 
sector hounc idicatc s ft n of Table 1 set k >eh \ The second 

c amn of Table ! ndicates noise contribution nfo nation The thrrc column lists the con1 )! 
^1 ! vi\n\ - ^ i msponse to recen - ^ . 

25 iv^r k " - i *o channel qua i-: O ^ Me 

corresponding reported sector boundary mdictor listed in the same row. 
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Sector Boundary 
Indicator 


SNR 


Other sectors 


WT reports 


0(5 




Transmit on ail sectors 


SNRO(P), SRR2 


.10 




Turn off sector 52 




II 


snr s Mq$} 


Turn off sector S 1 


SNRO(P), SRRf 



TABLE ! 



5 I; Us <> v v 1 , ! M ^ ^ ^ vt t k 

the WT 1300 needs to only report SNKO(P) and one of the three SRRs. 

A multi-sector cell with an arbitrary number of sectors will now be discussed. In another 
embodiment of this invention, for the situation where there are an arbitrary number of sectors, 
10 the sectors are divided into three sector types, which we will label SO, SI and $2. This 

classification into sector types is done in such a way that two adjacent sectors will not have the 
same type. It is assume <v j e? se effe i cei 

considered small enough as to not be significant, so that the main cause of interference is from 
M > - " victor* ' dnleropr t>pes. Hence it is possible to treat this situation in an analogous 
15 fashion to te case s * since the primary source of interference in each sector 

comes hoc- ; \ sectors. 

Figure 10 includes a di g m 1000 that hows the > p rnplary cells 1001 

1021, and 1041 with 3, 4 and 5 sectors, respectively. Cell 1001 includes a first sector SO type 

20 sector 1003, a first sector S i type sector 1005, and a first sector S2 type sector 1007. Ceil 1021 
includes a first sector SO type sector 1023, a first sector SI type sector 1025, a first sector S2 
type sector 1027, and a second SI type sector 1029. CeO 1041 includes a first sector SO type 
sector 1043, a first sector SI type sector 1045, a first sector S2 type sector 1047, a second SO 
type sector 1049, and a second S I type sector 1051. Table 2 set forth below gives an example of 

25 - p y u c *, o v n. ordei ot the bst of secto > ps.su> c ; 

theo»ceij - el 1 m^c ^ear,< %. see-^ 
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'\ .... V " 


Sector types 


1 


SO 


2 


SO, S i 


3 


SO, SI, S2 


4 


SO, SI, S2, Si 


5 


SO. SI, S2, SO, SI 


6 


S0.S1.S2, SO S!,S> 


? 


S0.S1.S2, SO, Si, S2, SI 


SO, SI, S2, SO, SI, S2,SO,Sl 


9 


SO, SI, S2, SO, SI, S2, SO, S L S2 



TABLE 2 



Using the above sector type scheme, the scheme involving cell noli pilots and sector nail 
5 pilots lor the case of shrec sectors can be used tor ; 

While described in the context of an OFDM system, the methods and apparatus of the. 
presei i on are appl t nge i , n c ystems i g man} 

non-OFDM. In addition, some features are applicable to non-cellular systems. 

10 

In various embodiments nodes described Keren; are implemented using one or more 
modules to perform the step s ng to one or more methods of the present invention, for 
example, signal processing, message generation and/or t smo i ihus.msetne 

i ixv iM- - ue i 1 l \ i e i i i v i i w t ^ i ^\ t 

15 nodu lay be implemented using sofa* - s e ibinai > nd 

^ \ ! v koc d s , i < * \ i it > - m <- J ^ 2 

machine executable < >uch us soi - \ on e i dium such 

as a memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose 
computer with or without additional hardware to implement ail os portions of the above 

20 described methods, e.g., t one or more nodes. Accordingly, among other things, the present 
invention is directed to a machine-readable medium including machine executable instructions 
for causing a machine, e.g proees > ci hard ware to perform one or more of tfu 

steps of the above-described methodfs). 
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Numerous additional variations on the methods and apparatus of the present invention 

J v i < ^ J £ > ! 1 t ^ 1 v.< 1 v ! \ r v. A CS i > 

m lit to (f i i ' . kO'c the ->r T 

5 me - v > > v m i "! I v. . m-. n ^ c N a r . ■ c i 

1 « v s < hei types of 

communicali s ted es vhich m&) oc used o c - unicatto 
between access nodes and mobile nodes. In some embodiments the access nodes are 

10 Of DM and/or CDMA > t i s 

computer < ^ including 

kuiu o i s m >. s * vi m ■ - ( - A ! v d 

present invention, 

15 Fijj s i s ry nut] ratting pilot looms in 

ia!t - ctors of i ynchronized manner in accordance with the present inve»tt.Q», 

The method starts in start node 1402 and proceeds to step 1404 wherein a current symbol time 
counter is initialized, e.g., to i . Symbols are transmitted in the exemplary system on a per 
symbol basis with a symbol time being the time used to transmit one symbol along with a cyclic 

20 prefix which is normally a copy of a portion of the transmitted symbol that is added for 

redundancy to protect against multipath interference and minor symbol transmission tuning 
errors.. 

Ope anon proceeds from s em i-n \ -■ s controlled to 

25 transmit pilot symbols to be transmuted m the current symbol time in each sector in a 
s sin ame tones i.n each s e e ! 

am q motto pi i e-selected transmission owei 

levels in each sector of the ceil. While phots are transmitted in each sector of a cell in. parallel, 
the power level transmitted on a tone may be some pre-selected level or zero in the case of a null 
30 tone, Wfalc the transmission time* of pilot signals in each sector am generally s\ mmronized, 
slight timing offsets between sectors may occur. Thus, each sector may actually use a different 
symbol transmission time period. However, the symbol times in each sector are sufficiently 
synchronized that there is substantial overlap in the symbol times used to transmit symbols in 
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eaeh sector, Normally the substantial overlap is such that the symbol transmission start times 
are synchronized to be within at least a period of time corresponding to the time used to transmit: 
the cyclic prefix sometimes failed the cyclic prefix duration. Thus, there is .normally substantial 
< erkm m the • ; mu.j n l: \ > dulereki c-^u u L'c i * periee? v m n nbed 

5 times. 

Which tones are used for pilot tones during a particular symbol time is determined from 
the tone information 1.238 included pilot hopping sequence tone information 1234 while the 
power to he used on a given tone in each sector of the ee' ^ s u > v 1 

10 

Once the pilot tones are transmitted for the current symbol time in step 1406 operation 
proceeds to step 1408 wherein a current symbol time count is incremented by 1. Then in step 
1410 a check is made to see if the current symbol time has reached a maximum symbol time. If 
15 the current symbol time is equal to the maximum the current symbol time is reset to 1 so that the 
* H, rn to repeat in step 1406. The periodic transmission of pilot 
tones Continues to repeat according to the implemented pilot tone hopping sequence until base 
station transmission stop or some other event causes the pilot signal transmission process to be 
interrupted 

20 

Referring now to Figs. 15-17 various exemplary pilot tone transmissions are shown 
along w ith pilot signal transmission power information. 

In a, w i e pre >i!ot tones are transmitted using the same 

25 in multiple sectors of a cell at the same or substantially the same time. In various embodiments 
! he re 1 i 1 sr smission times i $chi 5 i sse 

e ceil. As cite ronizatiot 1 3 1 erms e 

between the pilot tones transmitted in the various sectors of a cell at any given time. 

^ v i w . v > - , s not be possih e *o \ , * 1 \ o 

30 reasons related to the complexity of synchronizing transmissions between different amplifiers 
and antennas operating at high frequencies. However, in synchronized sector implementations 
substantial amount of overlap of symbol times exists between the sectors. Thus pilot 
transmissions can be achieved with substantial overlap making signal measurements which 
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assuuie full overlap during at least a portion of each sectors symbol transmission time possible. 
As mentioned above, in the synchronized embodiment of she invention the difference between 

; a i \ nes between the ^ s nc s ell t s less t 

duratio of , t s s v s 

For purposes of discussion, it will be assumed -b<.u the e is full sr. ro i on with 
mas, e.g i s i d \ L n - e t s< r <i sy v rc 1 v ^ r e ea 

sector of a multi-sector cell. However, the above discussion ni.si.es it cleai thai Mich precise 
s on 'i i > c s r actice t \ Fhus, th 

ft s s s i e> *■ s ! i « 

from the symbol time of the adjacent sector. In accordance with the present invention, while 
pilot tones are transmitted in each sector of a cell on the same set of tones in a synchronized 
manner, the power of the pilot tones in different sectors of a cell are controlled to permit 

v moments which facilitate, in a particular sector, determining the noise 
contribution from other, e.g., adjacent sector(s) as well as background noise. 

measurements, multiple pilot tones may be used 
during gle nh I transmissio -natively, o Ipe 

symbol time with the pilot signal being assigned different power levels during different, e.g., 
successive, symbol times. In such a case, the pil^r ssgnu me^urccu rv m ; de dm ng different 
symbol times may be used to produce the two different channel quality indicator values which 
are returned to the base station in accordance with the invention. 



big r . ct i! ! ^ >e r t ow o is m, ^ t. i i. r_ 

25 implemented in one exemplary embodiment of the present invention. As will be discussed 
below, the sequence shown in Fig. 15 can be extend to systems with N sectors, where N is an 
arbitrary number greater than 1. The sequence shown in Fig. .1 5 is implemented for a cell which 
includes two sectors, sector A and sector B. The symbol times in each sector may be slightly 
offset hu - aO therefore v * s h >i time 

30 a y being two s ihfiy different symbol -tin s many cases firs 

1 502 ti tied b mcrefeis to the symbol time in vhich s m is it ? mng perfect 

synchronization between sectors. In one embodiment, where the same tone is used in each 
symbol time for pilot signal purposes, each symbol time 1 through 4, corresponds to a different 
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current symb - rhe secqnd.coIu.oiH- 150 ON s ene> on 

which the pilot signals are transmitted. Each row corresponds to one tone. Different rows may 
correspond to the same or different tones depending on the particular implementation. For 
c amp ! c, m c^e> h v v. ' " ~i i at m 

5 . ( v. ugh fourth i ol 1504 will e c i each pi 1 g 

requires one tone. However, in cases where the first through 4 th symbol times in column 1502 
correspond to different current symbol times, the tones listed in column 1504 may be the same 
or different. 

10 ^ discussed a 51 ><f 14 1516 and 1518 corresponds to the transmission 

of a tone m each of the cells sectors A and B, e.g., a tone used to a arami j. b p i 1 e 
i , iu.ii. i CI oi ibe same. In each case, the 

pilot tone transmitted at any point in time is transmitted with & pre-seiected transmission power, 
Thusythe transmission power and tone on which a pilot signal is transmitted will be known to 

15 both the base station .1 200 and wireless terminals 1300 since this information is stored in both 
devices and both de\ ices knov. the current symbol time fmm timing information available in the 
cell. In Fig. 15, the third column 1506 lists the pilot signal transmission power level for the pilot 
signal transmitted in sector A using the tone to which the particular row corresponds. Similarly 
the fourth column 1508 lists the pilot signal transmission power level for the pilot signal 

20 transmitted in sector B using the tone to which the particular row corresponds. Column 1510 is 
included for purposes of explaining a 3 sector embodiment later but is not used a the two • ector 
{ ( aumi d i bee iegard to Fig. 15. 

' . _v i- 1^ u ! ' .fvNtu i " a: i lo , o i 

25 in the I d r at the general symbol time indicau \ N 02 sing the tone 

Indicated in co ! tic e, the are ti e igh ifferent sys 

times in each of sectors A and B, e.g., first and second symbol times which correspond 
substantially to the symbol time listed in column 1502. A I is used to indicate a non-zero pilot 
hiomg a fr -a pe-c ec .a r -vr m - ^ me ofme a zero ss used to mdicme o an -mission of a 
30 null tone,, e.g., a pilot signal with transmitted with zero power. 

Row 1512 shows that at symbol time I, using tone I, a 1 ■pilot signal is transmitted in 
sector A while a NULL pilot signal is transmitted in sector B. This makes it possible to measure 
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the contribution of i >rh ence in sector 8 causet - k * s < smis c the 

amen i ke^soa! ^ s v\ i A m.. .< m e ic . \ 1 :uoi A 

without the presence ence dut tor B transmission. Row 15.14 corresponds to 

) * h > i -i A ereir e s used to transmit a NU1 3 in sector A and a ! pilot s gna i 
5 sector B. This allows sector A to determine the amount of signal interference due to sector B 
transmission on the same tone. Rov. 1516 corresponds to symbol time 3 v> hen in u 3 is used 
o msmn i\J i iln e rs A and B makn 1 ra cl s.md noise 

is i v f v n c e Row 1518 corresponds to symbol time 4 wherein tone 4 is 
used in both secto and B to t isrt 1 signals i such case each sccto can measure 
10 h e,* e . i j_ a * j v) h the same non-zero power level in each of sectors A 

<1 d L i J s ^ 1 I K r tvv. < ^tlv, . 

and second rows 1.512, 1 514 of Fig. 15 and at least one of rows 15 16 and 1 5.1 8 in order to 
provide a wireless terminal to make sufficient signa n easurements whit 1= required as input to 
thetW.o different functions used to generate the first and eeonc i 
15 that arc- feedback to the base station 1200 in accordance with one feature of the invention, 



Pig. 16 is a chart 1600 illustrating an exemplary pilot tone transmission sequence for a 
three sector system. As in the Fig. 15 example, the first column 1602 corresponds to symbol 
transmission time, the second column 1604 corresponds to tone while columns 1606, 1608 and 

20 1610 jndk ate piHt oraan iraosmu sums in each of three sectors A. B and C of a cell, 

respectively. Thus, as in the Fig. 15 example, each rectangle of column 1606, 1.608 and 1610 
which corresponds to one of the first tough fifth rows, 1612, 1614, 16.16, 1618, 1620 
represents the step of transmitting a pilot signal on the indicated tone in the indicated sector. 
\k hie the o - H " eh ctoi . i - > Liau 

25 the symbol times corresponds to the same current symbol time, the each of the first through fifth 
tones will be different. However, when each of the first through fifth symbol times are different 
t e first h ough fth tone maybe .he s one o d ffe 

Ne It r t F 1 "* rs vcore.^ 

30 sector with a mi 1 p lot being ? a srmtted on the same tone in an adjoining sector. Also note the 
use v hdOo: what has oeen u-mSul us cc! n I wheb facdUu-tes background nosse 
measurements.. 



Fig. 17 is a chart 1 700 showing a three sect o len entation similar to Fig ! 6 with the 
pilots transmitted in each sector feeing described in a more general manner in terms of power 
levels. The transmission of 15 pilots PI through P 1.5 are shown in the Fig. 17 embodiment with 
each pi ot nomg transm t differ iboi t he ca . ^ v \ pone 

5 f f a m -.n > d i c v \ iv v i s 1 1 e to b 

! o m % i ^ < m v. d iv 1 itvjcWH hi! 

transmission time of each sector being slightly different but corresponding to Substantial!) t s • 
same symbol time as used in the other sectors. 

10 As in the Fig. 15 and 16 examples the pilots of each row 1712, 1714, 1716. 1718, 1720 

are transmuted asm a m<. same mm ma duierent rows may correspond m dn = erer.t t^ne&. Whik- 
being sk>v \ v vd at 5 different symbol time.;? as laced c; ihc nisi column 1702. 

when variations in sector transmission times is taken into consideration each rectangle listed on 
tire heading Sector may actually correspond to a different symbol time with the symbol times of 

15 each row substantially overlapping and. being identical in the ease of precise synchronization. 
The power level of each of the first through 15* pilots PI through P15 are represented in 
parenthesis, e.g., the transmission power for PI is pi . While in some cases such as in the Fig. 16 
example two different power levels are. supported, multiple known power levels may be 
supported. The last row 1720 of Fig. 17 represents the transmission of a NULL pilot signal 

20 using tone 5 in each of sectors A, B and C according the power level of these pi lot signals is 0 in 
each case. 

Iw - . - os a chart 1750 shoving i 
during a sing! s> ransmission t In the Fis 

25 represent a NULL pilot signal, while a 1 is used to represent a pilot at a single known non-zero 
f 3 vei level vhich is normal!} ! i 1 e i da 

transmitted D is used in me chart 1750 to illustrate the transmission of data in one of the 
sectors A, B and C - ta signal D is usu y sm ted m le r i power k 
than the pilot signal level 1 and therefore may not cause significant interference with the pilot in 

30 the neighboring sector. Data is normally transmitted in each of the sectors on additional tones 
not shown in Fig, 17 during the illustrated symbo til ic In t 

present invention, in a given sector such additional data tones do not interfere with the pilot 
tones since the} are orthogoial to the tones used to transmit pilot signaL. Fig, 19 hktsirates a 
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ieih vJO i emting a wireless terminal to >cess pilots signals eivet n a base 
Station J 200, which were transmitted in accordance with the present invention. The received 
pilot signals .may be pilot signals that were transmitted with known different transmission power 
evels mg the re ng device to make rious sig s m$ com] < 

5 us nrning va cl s well as inter-se 

h e fe e? a 

v, ^ » s ^ s ! I L ^ >^ L . 1 ' t\ 1< % ' i- I *" ^ 

beginning with steps 1S04 and 1808, respectively. The two processing paths may be 
10 implemented in parallel, e.g., in the case where multiple pilot signals with different transmission 
powe e ted dur i r - s I time, or in series, e.g., in the case where 

pilots are transn itted sen se ■ iall> usi sg the s ime tone but dift'e era. powei levels during different 
symbol transmission times. 

IS In step 1804, the wireless terminal 1300 measures at least one of an amplitude and a 

phase or a Hrst raloi signal tTa - u msmj ued \ < is an- mission power Pi to produce a first 
measured si g i T e j gna value is then used in step 1806. In step 1806, 

a first channel quality indicator value is generated from the first measured signal value according 
to a first function, fl . which uses at least said first measured signal value as an input. The first 

20- channel quality indicator value generated by function fl may be, for example, an SNR value or a 
signal power value, corresponding to said first rece ved pilot gig lal Function 1 may use othei 
signal measurements and/or other information as inputs in addition to the first measured signal 
value * s i ! i i t O i ; romste 

1806 to step 1812. 

25 

In step 1808, which may be performed in parallel with step 1804 in some embodiments, 
the wireless terminal I 300 measures at least one of an amplitude and a phase of a second pilot 
M^<i'wb'civ . t - tie i ^ m^vk i-iwe K \vhere T „^v . 1 - T e 
measurement produces a second measured signal value v> hich is then used In step S 8 10 In step 
30 1810 a second channel quality indicator value is generated from the second measured Signal 
value according to a second function. f2, which uses the second measured signal value as an 
input. The second function is different from said first function and uses at least the second 
measured signal value as an input but may also use other signal measurements as inputs as well 
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in some embodiments, the secoad channel quality indicator value generated by the second 
function is an SNR value corresponding to the second phot signal while in other embodiments it 
s i igi al power value, e.g ) 5 i 

p L> - _ T_ ed- i > n - 1^ S o ea Si 

5 

In step 1812, the wireless terminal 1300 determines the location of the wireless terminal 
relative 50 one or more sector boundarie r.n least ed jg \&l vai es an 1/ n other boundary 
! ,Uv p aha onnaduu dts t ns^ed %c sine re uvt bt tndcn ;ca ion 
o ■) i i step 1812 m Up ^ he - e unal 1300 

10 generate cati dicator value IS corresponding to one o 

the value 1 e first mc eeond j 1 

steps 1806 and .1810, and. the boundary location indicator value from step 1814, operation 
proceeds to transmit step 1.816 wherein the generated information is transmitted back to the base 
station 1200. 

15 

Step 1816 involves the transmission of the first and second channel quality indicator 
* es an< ndarv location indicator value, e.g., as part of one or mom me- s \ 

alternative | 

implementation, The first .processing path beginning with sub-step 1820 and ending with 1826 
20 represents the ease where various information is included in a single message. The second 
> c :es<d , e ; ?h o p m g > ith step 1830 and ending with step 1840 corresponds to the case 
where different messages are used to transmit each of the various values. Messages in tins 
cortex; are to be no m > - v uesto 

be communicated. 

25 

ste 82 v * > v * >e c ndicator value K0tvo.ee tto a first message 

There in step 1822 the second channel quality indicator value is incorporated into the first 
message Nex n.ste location indicat e is it 1 e first 

e !,,ig I ge s hen comma ! c hi c x tion — ! -f 1 °g b> 

30 transmitting the first message over a wireless communication link. This is done in various 

embodiments using one or more dedicated time slots of a control, channel used to report channel 
quality and/or other feedback information fmm wiroless terminals to the base station 1200. As a 
result of the ded^nuon of the tune slot uo the voteless terminal usmg n to report •Tnannei quahty 



and othe nformat v reles ermh I s e sector wil us ie 

Thus, through the use of dedicated time slots transmission conflicts are avoided. Furthermore, 
gwcr ih.il *' e ,1 c !o^.rvdt\ r i ^ u ' n ii aes 

t - ! > re 0 s ^ k -so V ^ N O »t t 

5 i re; ; sdk e whal the nu\ v l e n-sa*n d wauvs a? T'wk n i H .w - j on 
1 2? i he u zet cont < i c! an ie ire tc h; \ e a ru in pre- 

>e ^ .t*d ». ts a el. v s t. \ e x> On l i n 

a two bit boundary location indicator value. Thus, the amount of overhead, e.g., header 
overhead, used to transmit such messages and/or values can be minimized. With the 

10 * S < I v <J . I ! ! k i tUl IS tO 

steps ISU- mciib ! ai new pi 

feedback process continuing to repeat over time. 

In step 1830, which corresponds to the alternate value transmission path shown in step 
1 5 IS ! 6, the first c bannei quality indicator value is incorporated into a first message, e.g., a signal, 
■ vi (. ' ■ >un step 1832 Tncn, i , vr s i ^^sdcnannel 

quality indicator value is incorporated into a second message, e g signal which is transmitted 
in step 1836, The boundary location indicator value is incorporated in step 1838 into a third 
message, which is then transmitted to the base station 1200 in step 1840. As in the case of the 
20 c i ts stc > ^ 2e re t i i n tc k > ie32 

1 836 and 184* <t a> b i g dedicated segments of a control channel dedicated to 

the communication of feedback information. Operation proceeds from step 1 840 to steps 1804 
and 1808 with the processing of generating the channel ft > t i reporting the 

ma mat ,r zo s. o w 

25 

Figure 20 shows a flowchart 1900 illustrating a method of operating base station (BS) 
1200 in accordance with the present invention, e.g., to transmit pilot tones and to receive and 
process 1 t - i kc^etv^^e !c\di k t ' ~- t ^ 

The method starts with step 1902 where the base station 1200 is powered on and operational, in 
30 step 1904, base station's transmitter 1204, coupled to a multi-sector antenna 1 205, transmits 

ptlot signals into each sector, e.g. SO 1 106. S 1 1 108, S2 1 i 10 of a multi-sector cell, e.g., 1 1.04 at 
the same time in a synchronized manner using pie t p^wer levels and r to s a ! 0\r; 

the transmission of the pilot tones into each of the sectors .1.106, 1 108, 1 1 10 of the cell 1 104 use 



e s mes at e \ i t i ttially the same time i c 
1106 1108,1110 Llie trans - tones! ep 1904 is 1 - i s direction 

of .he pilot *i at ia3 genenuoor i 1 u \ i x i „ i !, t t _ . ' one pos el 

5 tiess 

idici tes, e.g Is < me 1 > cato alues a d sec >r boon 

position information. The messages are received under the direction of the received signal 
processing outing I 260 incl ided in base station 1200. In step 1908 the base station, undet the 
I t ! a d v vi t oi t 1 — ^ _ t" 1 i d seaittwo 

10 v ' I i «tw r '^0 e.g., from a sin em sage or from mo >le 

messages reeeived from a wireless terminal 1300. In some embodiments each channel quality 
indicator value is in a separate message. In other embodiments multiple channel quality 
indicator values are include in a single message from a WT 1300. Next, in step 1910, the base 
ation 12t £ - mtion extraction module 1264, extracts Joeation 

15 idci t i c * » s ' v position indicator value, indicating the 

position of a wireless terminal 1 300 relative to a boundary in a multi-sector cell. This location 
information may have been transmitted by WT 1300 in a separate message or may have been 
included in a message including channel quality indicator values. This location information may 
identify whether the WT 1300 is near a sector boundary, and identify which sector boundary, 

20 e.g., identify the adjacent sector from which a higher level of transmi ssion power dependent 
Msjferenceis being received. Sector boundary information extracted from received messages is 
stored in sector boundary position information 1252 in BS 1200, 

Proceeding to step 1912, the base station 1200, under the direction of transmission power 
25 a : lat on routine 226 calct lates fro n at least first and second channel quality indicator values 
_s i \ required to achie ed signa i ratio c said 

wireless terminal 1300 from which said first and second channel quality indicator values 1250 
were received. In step 1914, the base station scheduler module 1225 operates to make 
scheduling dons - => 300. In sub-step .1916, the base station 

30 $( heduler 1 225 makes decisions for the WT 1300 based on determined SNR, e.g., BS 1.200 

schedules segments to the WT I3G0 on channels with transmission power levels that, will result 
in a received SNR. of the WT 1300 exceeding the minimum acceptable level for the data rate and 
coding scheme used. In sub-step 1918, the BS 1200 scheduler 1225 makes decisions for the WT 



-45- 

1 ) i st n y' posit informa 2~2 oraWl K) ide eda 

heme near a sector boundary, base station 1200 assigns channel segments to the Y> f 1300, with 
i _ s ; \ i s ! l ^ v % s 2 ^ r- "litN or so^c 

Proceeding to step 1920 BS 1201 ti nsmitte 205 t smits sign whit n* ude, e.g 
5 j r " \ ! e~> ! i f < 21-4 i 1 i i m a<o! 

at a scheduled time to said WT .1 300 using transmission power determined from said at least two 
channel quality indicator values 1250 that were received. 

Operation proceeds from step 1920 back to step 1.904 and the method is repeated. Base 
10 stath i I20i vi p< ng smith" g pilo sign - a sync! onised man ei nt eat 

i - vtorceH m step 1904, on uwguhti oa < > do-v^ j ; u, v,h J ~s 
terminals 1300, may send rues a t , ii eluding set of channel quality indicator values 1250 and 
se ir beans > position information 1252 at different times find/or different rates depending/an 
tors sac! perad s ess terminal is in, e.g., on, hold, sleep. 

15 

The Invention is directed to, among other things, machine readable medium such as 
memory, compact disks, etc. including machine executable instructions, e.g., software modules 
or coi im mds, for controlling a processor or other device to perform processing in accordance 
with one or more of the various method steps of the invention. Various features of the methods 
20 and apparatus of the invention can be used in a wide range of communications systems 

including, but not being limited to, OFDM, CDMA and other types of communications systems. 



